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This invention relates to the moving of a strip
usually in the form of a sound-on-film motion
picture film ¢ontinuously instead of at an ap-
proximate continuous speed with slight ripples
or fluctuations. )

In sound-on-film cameras and projectors in
which photographs of sound vibrations occupy-
ing less than 1/1000 of an inch of the linear
extent of the film are involved, it is obvious that
fluctuations or speed ripples of even such a small
amount as to be limited to s variation of a frac-
tion of 1/1000 of an inch constitute a disturbing
and distorting effect upon a photographic sound
record although the average traverse of the film

" is continuous.

If the film is free to move across or through a

sound gate by itself and not as a substantially”

integial part of a moving system possessing &
large amount of inertia or momentum as by con-
stituting a wrapping in non-slipping frictional
engagement with the surface of a rotating cyl-
inder, the mass and consequently the inertia of

the film itself is so slight that ripples or varia- -

tions in the dragging or feeding effort of such
a short length of film are readily translated into
variable translation speed ripples in that length
of film itself and actually in the portion travers-
ing the sound gate when such gates are in the

form of anti-friction sliding surfaces. 'It has

been found that the engagement and disen-
gagement of the sprocket teeth of a driving
sprocket through the perforations of a standard
film is suficient to cause a translation- speed
ripple in the film so fed although it is highly
desirable that the film traverse across the sound
gate be strictly uniform.

‘There are many. advantages incident to the

" use of a stationary curved gate across which

({0
[X23

the film slides with little retardation (celluloid

¢ Side in contact with the curved guiding surface
of the gate). In one respect it is the duty of this

curved surface to oppose little friction to the
travel of the film which makes possible the
transmission of ‘'a translation. ripple from the
teeth of the forward driving tq the film portion
“actually at the surface of the gate. Aftempts
have been made specially to form the teeth.of
the film sprockets to minimize their ripple tend-
ency, but I have found that standard sprockets
may be used without trouble from the ripple and
while utilizing. all the advantages of the curved
gate. Heretofore, slack takeup devices providing
resilient engagement with the film have been
employed. Such devices embody a pivoted arm
and a roller spring urged into forcible engage-

ment with the film. Such a contrivance has a
natural period of oscillation and, on account of
its substantial mass and necessary length of

lever arm, has-a normal low period of vibration -

besides possessing so much inertia in its roller
that disturbances stch as a sprocket tooth ripple
are transmitted through the film over such.a
roller, or rather, across such a roller, Even if
the friction at the sound gate is incréased to &
large extent, the sprocket tooth ripple from the
driving or drawing sprocket can not b¢ eliminat-
ed because the aberration due to the sprocket
teeth includes pauses or de-accelerations of.
speed as well as positive accelerations of speed,
and.for a normal sprocket fitted with sixteen
sprocket teéeth about the circumference rotating
at six rotations per second, these positive and
negative accelerations must occur ninety-six
times per second, a vibratory speed far more
rapid than that capable of being responded to
by an ordinary commercial slack takeup arm,
however light its construction may be made.

T have found that the converse of the proposi-
tion of wrapping film about a friction cylinder
constrained to rotate with large inertia (momen-
tum) is equally effective in eliminating sprocket
tooth ripple, in fact all speed variation within the

_capacity limit of my force couple arrangement.

I mean by the converse the actual taking up of
the ripple by varying the length of traverse of the
stretch of film subjected to the ripple between
the ripple producing means and the guiding sur-
face of the gate where its speed of translation
must be constant, and by varying this length of
traverse in the form of a varying deflection by
means of a force substantially divorced from
inertia. The means readily available for provid-
ing such a deflecting force is g light substantially
inertialess leaf spring of short length arranged
to_engage with a sliding shoe formsation (made
by suitably bending the spring) preferably only
the portion of the film within the sprocket tooth
perforations and preferably against the celluloid
or non-emulsion side of the film. By this ex-
pedient, the slight frictional retardation of the
film in-its engagement when passing over the
curved sound gate is employed to react against
the dragging movement of the driving sprocket
ahead of it and it is only within the realm of this

slight retarding force that my deflecting spring

mechanism must function. I select, proportion,
mount and tense my deflecting spring or springs
so that the stretch of film from the driving
sprocket to the gate with the film in motion is
deflected out of the normal straight line path,
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thai is, the spring deflecting resilience shouid
be less than enough with the deflection of my
spring deflector to overcome the frictional retard
of the film so that the retard of the film actually
causes a deflection of my defiecting spring from
its maximum defiecting position t6 an interme-
diate position still out of the straight line path.
Thus, when a sprocket tooth tends to drag the
film along with a de- or negative acceleration,
the tense spring deflects the film out of the
straight line pathway an increment further away
from & straight line which tends to maintain the
constant speed of traverse over the gate. Thus,
also, when the driving or dragging sprocket teeth
exert & positive acceleration, my spring defiector
vields a little or an increment closer to the
straight line pathway and takes up this positive
increment of acceleration at the driving sprocket
still maintaining the constant speed at the sound
gate. By the employment of the leaf spring
deflector I have approached a means for pro-
viding a deflecting force substantially free of in-
ertia and at least one which has a natural speed
of vibration so much higher than the necessary
ninety-six cycles per second as to introduce no
disturbance upon its compensating deflecting
functioning.

I have thus far described the effect of the tooth
ripple and my method of overcoming it in con-
nection with the driving or dragging sprocket.
In connection with the feeding sprocket which
feeds the film into the sound gate, 2 similar dis-
turbing ripple may be introduced into the film.
Thus, in the preferred embodiment of my inven-
tion I prefer to use the deflecting compensating
inertialess spring mechanism both between the
feeding-in sprocket and the sound gate and be-
tween the driving or drawing sprocket and the
sound gate:

A further object of the invention is to render
the threading of a machine of this character
more nearly foolproof. It is possible to arrange
the deflecting springs so that when the film is
engaged across the sound gate upon the feeding
and driving sprockets the normal and natural
positioning of the film perforations in the teeth
of the sprockets tenses the spring deflectors just

‘the required amount to produce the desired close-

ness of contact between the film and the curved
sound gate without the use of the usual spring

tension arm, while at the same time, my spring

deflectors take up the ripple both of the feeding
sprocket and of the drawing sprocket.

A further object of my invention is to improve
in general the sound gate construction and the
feeding of film to and from such a gate and
will be pointed out more particularly in the ac-
companying claims which are directed to illus-
trative embodiments of the invention described
in the following specification in connection with
the accompanying drawings, solely for purposes
of illustration and not limitation.

In the drawings, Fig. 1 is a diagrammatic ver-
tical side 'view partly in vertical section illus-
trating the invention; Fig. 2 is a positive view
of a sound head adapted to function in accord-
ance with the invention; Fig. 3 is a fractional
view similar to Fig., 1 showing a modification;
Fig. 4 is a fractional view similar to Fig. 1 show-
ing another modification; Fig. 5 is another view
similar to Fig. 1 showing still another modifica-
tion; and Fig. 6 is a perspective view illustrating
the gate construction of Fig. 5. , R

In connection with the showing in Figs. 1, 2,
3, 4 and 6, it is to be understood that,the means
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for causing the traverse of the film may be

that illustrated either in Fig. 1 or in Fig. 5 or for

some purposes may be any suitable means for
causing the traverse of the film across a sound
gate.

In Fig. 1, the sound gate A is positioned between
the feeding sprocket B and the driving or draw-
ing sprocket C which msay or may not, according
to convenience, be provided with a pad roller D.
These sprockets B and C permit and cause and
guide the traverse of the film ¥ across the cylin-
drically curved guide face E of the sound guide
or gate. The type shown is the type in whick
the adjustable lens system G focuses g light line
on the film ¥ at the locality {, the axis of the
lens system being indicated by the line 2. It
is the film part i, sliding over the fixed curved
guiding surface E, which objectively moves at
absolutely uniform constant speed, while it is
actually the sprocket teeth £ engaging in the
film perforations § which permit and effect the
fiim travel. If the film F were tensed in the
traverse shown in Fig. 1 between the sprockeis
B an¢ C about the guide 4, the traverse from
each sprocket fo the guide 4 would be in z
straight line path but for the application of the
present inventiorn,

In accordance with the present invention, two
leaf springs H and I, preferably of thin sheet
spring steel, are each formed to provide s con-
tact shoe 8 or §. The dotted lines 7 and 8 indi-
cate the outward extreme of defiection for thess
springs and their engaged film stretches, whiie
the dotted lines § and {8 indicate the extrems
inward positioning for the springs and their
contacting film traverses (the straight. line path
for the film tfraverses). The full line position
indicated in Fig. 1 shows the preferable func-
tioning position for the film stretches and the
controlling springs. It is, of course, to be under-
stood that the three positions illustrated in the
diagram are greatly exaggerated in extent inas-
much as the complete defiection of these film
stretches may be only a few thousandths of an
inch in functioning to overcome ripple. TUsu-
ally the ripple is exaggerated or occasioned not
solely by reason of the fact that a sprocket tooth
engages in a sprocket tooth perforation in the
film, but by reason of the fact that the stretch
or the shrinkage of the film causes an actual
Inequality in the length of film hetween perfora-
tions relatively to the distance between sprocket
teeth, This stretch or shrinkage may amount
to as much as several feet in a thousand foot
length of film which, of course, is substantially
equally. divided between the thousands of uni-
formly spaced perforations. Thus, a constant
compensation between the constant circumfer-
ential extent about a sprocket must take place
as the Alm traverses g sprocket, and this com-
pensation does not take place continuously rela-
tively to the actual linear extent of the film, but

-takes place step by step, one tooth perforation

at a time and has been known to cause serious

disturbance or rippling of the film speed at the’

locality 1. :

In gecordance with the present invention, if
the teeth of the sprocket C first cause g nega-
tive acceleration or retardation from the average
speed of traverse of the film ¥, the spring. I
forces the film stretch £2 out towards the posi~
tion 8 without interrupting its traverse over the
shoe or sliding surface 6 and thus takes up what
otherwise would be a minute slack and effects g
continuation of the film traverse or movement
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at the locality [ at its uniform speed. If and
when the effect of a tooth or any other cause
is to tend to make the film at the locality of the
tooth take on an increment of positive accelera-
tion, the fiim stretch 12 tends to straighten out
and compress the spring I towards the position
10. Likewise, when a similar effect is had from
the teeth 3 of sprocket B, the film stretch It
is deflected either towards the position 7 or
allowed to straighten out towards the position
9, killing or annulling the ripple. effect in the
pull-back on the film as it approaches the local-
ity 1. By this functioning and by these provi-
sions, the film P reaches and passes the locality
i across the guide face E where it is bent into
a stiff cylindrical form with no “tendency for
an uneven rate of speed and likewise the drag-
ging or propelling force impa.rted to the locality
i of the film through the stretch 12 is rendered
uniform respectively to permit and tend to cause
an absolutely uniform film fraverse across the
locality -f.

In the construction illustrated, the substan-
tially inertialess deflectors 5 and 6 are mounted
in notches 13 and (4 where they may be held
in place in any suitable manner as by set screws
I8 and 16, it being understood that the film
guide or gate A is mounted fixedly with or with-
out adjustment as desired upon the frame of
the machine as by bolts extending through the
perforations 1.

In the modification of Fig. 3, a gate A! is un-
uderstood to be associated with two sprockets
positioned and similar to the sprockets B and C
while the inertialess deflectors take the form H!
and I' and may likewise be constructed of any

extremely resilient sheet material such as sheet:

spring steel. Each of these deflectors is rein-
forced by a stiff shaped plate 28 and 2{ respec-
tively providing a seating surface coextensive with
each spring respectively and. shaped to fit each
spring contour, The functioning of these plates
20 and 21, which are preferably of stiff, strong
material stamped to shape, is to protect the light
leaf springs from overbending beyond the point
of resilient comeback. Attaching screws 22 and
28 are here employed, preferably two for each
spring, to mount them directly to the sound gate
Al although it is, of course, to be understood that
the mounting may be upon any suitable fixed
gstructure in the camera or projector apparatus.

In the modification of Fig. 4, out-rigger brack-
ets 30 and 31 are provided and are detachably
secured to the sound gate A2 as by screws 32 and
33. These out-rigger brackets each provide a
ledge 34 and 35 respectively overlying the emul-
sion side of the film or the film side not in contact
with the sound gate A2, and it is upon these
ledges that the spring deflectors -H? and I? are

secured in any suitable way as by screws 38 and-

31. These springs tend to deflect the film P in-
wardly or in the opposite deflection from that of
the construction shown in Figs. 1, 2 and 3 and
likewise permit the threading of the fiim from
the front as viewed in Figs. 1, 3 and 4.

In the construction of Fig. 5 the traverse of the
film F is opposite to that in Fig. 1 while the sound
gate A3 is also modified in that it is notched out
by formation 48 to provide for the upwardly
turned resilient spring member H3. The second
resilient deflector I3, like the deflector H3, is at-
tached to the side of the sound gate as by a screw
41 or 42. In this construction a flanged idler
guide roller 43, turning on a fixed stub shaft, is
provided to impart the desired angle for the film

3

stretch 111, In this construction, a tensioning
roller 44 is also provided while the feeding sprock-

et B! is not symmetrically positioned relatively

to. the driving or' drawing sprocket ‘C!.but is

spaced apart from the sound gate and has inter-

posed between it and the sound gate the two idlers

43 and #44. In this construction it is to be under--

stood that the deflector springs H3 and I3 are
greatly exaggerated as’ to their thickness and
are in reality thin, light leaf springs of resilience
sufficient to resist the tension in midposition of
the stress imparted to them through the film F

from the tensioning urge of the spiral springs 50.

In this construction the inertia of the arm and
roller 44 is too great to flutter at the high period
occasioned by the sprocket tooth ripple from
sprocket B!, although the construction shown in
Fig. 5 in a measure eliminates the sprocket tooth
ripple by the momentum or momentum inertia of
the rotationg parts 43 and 44 which tend, on ac-
count of their mass, to rotate at a constant speed

-equal to the average speed of traverse of the

film.. Whatever ripple passes these rollers due to
film slippage is compensated by the deflector H3.

Fig. 6 shows a preferred location of the win-
dow J through which the light line is projected
upon the film either for purposes of photograph-
ing or reproducing while there is also shown in
this figure a provision in the form of the slots 60
and 61 for adjusting the positioning of the deflec-
tors H? and I3. It is, of course, obvious that the
adjustment through the provision of the slots 60
and 61 is by means of the clamping screws 62 and
63. These figures also show the slotted arrange-
ment 65 and 66 permitting adjustment of the
sound gate A3,

Although I have illustrated’ and described &
substantially inertialess defiector spring or flutter
spring H, H!, H? or H3 between the sound gate
and the driving sprocket, and in addition, a sim-
ilar substantially inertialess deflector spring or
flutter spring I, I}, I2, or I3 between the sound
gate and the film feeding mechanism, it is a fact
that either one of these springs alone without
the other has a ‘very useful function. I have
also found that my invention under the principles
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of mechanics utilizes what may be termed a force

couple made up of three forces. One force is
the feeding force of the: feeding mechanism or
sprocket which tends to pull the film in the direc-
tion of its length with a more or less non-uniform
acceleration. Directly opposing this force is the
frictional retardation of the film across the sound
gate and through whatever mechanism there may
be, all tending to oppose the traverse of the film
substantially uniformly.
couple is the deflecting force of the flutter spring
tending to deflect the traverse of the film cut of
a straight line or, upon yielding, to permit the
film traverse to assume more nearly a straight
line.

The third force of the

50

What I claim and desire to secure by United

States Letters Patent is: :
1. Means in combination for ellmmating ripple

due to sprocket teeth engagement with a motion

picture film of the type employing a sound-on-film
record comprising means providing a film guid-
ing surface at the locality at which it is desired
that the film move continuously without ripple;
a film engaging sprocket; a substantially in-
ertialess spring deflector positioned intermediate
said sprocket and said guiding surface, offset from
the plane tangent to said.sprocket and to said
guiding surface and adapted to engage said film
and deﬂect it at a slight angle rrom the straight

65
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line direction of said tangent plane and function~
ing from tensed resilience to increase the deflec-
tion of said film and by yielding to decrease the
deflection of said film in response to the plus and
minus influences upon sz2id flm of the teeth en-
gagement of said sprocket, whereby substantially
uniform motion of said flm over said guiding sur-
face is effected.

2. In combination in a sound-on-film camera
or projector, two separated film engaging sprock-
ets; means providing a guiding Surface over which
guiding surface it is desired that the film move
without ripple in a uniform continuous motion;
resilient means substantially without inertia
through out its entire moving exfent providing
itself a deflecting surface ior engaging one face
of the film and defiecting said film out of and
yielding it towards the plane of jangency from
the said sprockets and said guiding surface,
whereby a tendency to slack in said film from the
tooth engagement of the adjacent sprocket is
compensated by an increased deflection of said
film and whereby a tendency to tense is com-
pensated by a negative increment of deflection in
said film.

3. The combination and structure as charac-
terized in claim 2 and further characterized by
the fact that two substantially inertialess defiect-
ing means are employed, one between the first
sprocket and the guiding surface and one between
the second sprocket and the guiding surface.

4, In apparatus adapted to move elongated
strips with continuous motion across a predeter-
mined locality, mechanism for moving said strip
across said locality at a substantially uniform
continuous linear speed but subject to high fre-
quency variations; means tending {o overcome
said high frequency variations including a resil-
ient, unloaded substantially inertialess deflector
interposed between said locality and the part of
said means itending to introduce said variations
and exerting a continuing yieldable deflecting
force upon said strip whereby said strip at said
locality tends to move absolutely continuously and
constantly at speed without high frequency varia-

tions which are taken up in the form of lateral

fAuctuations of said strip from the straight line
path which would otherwise be its path without
said defleciing means.

5. In a sound-on-iilm motion picture camers
or projector, a driving sprocket; a guiding surface
in rear of said sprocket at which guiding surface
it is desired that the film move continuously with-~
out ripple whereby the plane of tangency between

5 said driving sprocket and said guiding surface

constitutes a straight line path therchetween:
means for exerting a substantially Inertialess
laterally deflecting force upon said film in the
form of a leaf spring forming 3 sliding shoe adapt-
ed to engage said flm between said guiding sur-
face and said sprocket and io deflect the Alm
out of the straight line path between said sur-
face and said sprocket and to increase and yield-
ingly decrease said deflection in response to the
ripple variaticns from high frequency accelera-
{ions of said sprocket.

3. In a sound-on-film motion picture camers
or projector, means providing a guiding surface
at the locality at which it is desired that the
film move continuously and uniformily without
fluctuation in speed; a sprocket for drawing zaid
film across said guiding surface purposefully in g
straight line path between said sprocket and said
surface and at = substantially uniform speed, but

2,003,276

being subject to slight high frequency accelera-

tions; means for exerting upon said Alm at or in
the rear of said guiding surface a force negative
relatively to the travel of said film; and means
tending to deflect and actually deflecting said film
from the straight line path between said sprocket
and said guiding surface when in operation, which
means is substantially entirely free of inertie and
functions to. yield an average amount in response
to the aforeszid retarding force and functions
further to yield to permit the film-traverse more
nearly to approach a straight line upon an in-
crease in the dragging tension from said sprocket
and itself to deflect the fAlm further out of a
straight line path upon a decrease in the drag-
ging tensions from said sprocket, all in accord
with the aforesaid high frequency accelerations.

7. Means for'driving a long strip with uniform
motion from a non-uniform driving force com-
prising a sprocket tending fc draw said strip at
average uniform speed subject to high freguency
small fluctuations; provisions tending to retard
or hold back the movement of said strip; and &
light, substantially inertialess leaf spring with its
tip forming a contact shoe pressed into engage-
ment with one side of said strip and normally
deflecting said strip out of what otherwise would
be a straight line path but being resiliently de-
flected an average amount during the travel of
said strip whereby slight increases in the driving
force from said sprocket cause slight rythmic de-
flections of said springs with corresponding
straightenings of said strip and slight decreases
in said driving force of said sprocket cause said
spring to effect rythmic compensating increased
deflections of said strip from said straight line
course, all tending to transform non-uniform mo-
tion into uniform motion by the principal of a
force couple.

3. The method of compensating small accelera-
tions in the driving of a moving strip comprising
exerting a substantially constant but slightly
fuctuating dragging force upon said strip; at the
rear subjecting said strip to a retarding force;
causing a portion of said strip to tend to travel in
a straight line path; deflecting said portion of
said strip from said straight Iine path by a slight
force applied normally to sasid portion of said
strip, which force is adjusted to permit said por-
ticn of said strip to approach a straight line path
upon slight increases in said dragging foree and
to deflect said portion of said strip more oub of
a straight line path upon slight decreases of said
dragging force, said deflecting force being sub-
stantially inertialess, whereby response o high
speed variations is practicable.

9. In a sound projector, a sound gate at the
locality of which fim should move at uniform
speed; means having sprocket teeth for drawing
the film across said sound gate; means for tens-
ing said film between said sound gate snd said
sprocket; and a leaf spring fized st one end and
with its free end engaging said film between said
sprocket and said sound gate and funecticning to
vary the deflection of said film in accordance with
sprocket tooth engagement and disengagement.

10. In a sound-on-film sound projector, a
sprocket adapted to draw the film by the engage-
ment of sprocket teeth and an unloaded substan-
tially inertialess ieaf spring fixed at one end
and free at the other end for ﬂltering the fluctuat-
ing tension upon said Him,
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